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PURPOSE: To provide an active matrix type liquid crystal display device with which the 
reduction of the electric power consumption of a driver IC is possible. 
CONSTITUTION: This active matrix type liquid crystal display device has pixel electrodes 2 
which are arranged in a matrix form on a first substrate, scanning lines 3 which are arranged in 
the horizontal direction between these pixel electrodes 2, signal lines 4 which are arranged in 
the vertical direction between the pixel electrodes 2, memory elements 6 of a static type which 
are respectively arranged in the respective intersected parts of the scanning lines 3 and the 
signal lines 4 and hold the binary display signals from the signal lines 4 according to the 
scanning signals from the scanning lines 3, switching elements 7 which are connected at 
one-side terminals to the pixel electrodes 2 and at their other-side terminals to wirings 5 
applying reference potential and are turned on and off by the signals held in these memory 
elements 6, a second substrate which is arranged to face the first substrate and is provided 
with counter electrodes 8 so as to face the pixel electrodes 2 and a liquid crystal layer 10 which 
is disposed between the first and second substrates. 
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I 

sg i ©3«±fc-#fafct&oTEfl*nfc*ft*©;E£ 

»»*©«**»£, 

©w^websu** K»aan. -ft6^©«T^s«p« 

tt*4*.*E»fcft»*n. fflE^UBTKftfcSn 
HI 1 ©SSiWGlEBSft. flaEH*Bfifc»l»rrs.J: 

sna«ffl2©*smc«tf6nfcastf»jit, 

BUTfc*£fcft««i'r57i''r<f 7*vHJ y^Xffl 
^3^§&B> 

ffi£***E«*^ffl«S©^&< it>-#fc33fcB 
^SEPftrT* £ t *»«fr*»«3B 1 IE«©7*7V 

©j£3lE*£, WES«±fCMEi^E«i5air5*rtlte 

Essnfc«ft*©«*t»fc. ttE££8&iirEmfHi 
toftKJgacEBsn, tdEjtaE««fcox*3n&* 

SEfi*fc* U TfaEffl«B«t D A* S ft *«*flM» £ ft 

ft-enBtt&ft. -^©B^j&tffiBHBBafcfttts 
n, «3&©*?#a**ffifc£**EBicsaRa*u m 
E^^ , j* : Ffc«»snfcfli^te«fcD*M t iwjatft«*q6 

flSt * X -f <y ?5HT t * ftfll bT& D . 
WEIB*«««»Bf3e»#K^ay^fl:sn. V&uyt; 

rt©H**ff©-*i6«»-tft^niiaoTv»5^t*wa 

t-r st^^v tn- h u y ? xs&rbb. 
[f893©fftSl&t&W] 

[0 0 0 1] 

* v £ JB V » 7 0 y * HJ y 0 * S**8S 
IcWt*. 

lO-'O' 0-21 

[«*©8*1 ifi*. BS^XT/IH'*©*®©** 
Bfi©HfS)WS»fc:fr*>ft-0>*. &*>T?t>, 
»-6S^*»»ffl^*HBS©a^©fi*«»]SS-3Tfi 

igfife Bj8ftiB)©£i$iiiM:, fi«»«*ft3it«» 



(2) 4$M¥8- 1 9 4 2 0 5 

2 

fcOHfrfc. g*gBg#©*B8«££Ttf£#fei~=t 

[0 0 0 3] BfiS^gBTIi. WBBHiLTSIfflS 
ntt^Sff, SbtfMK >/*-*©»*# 

/'<*;i'S#©&AK±*tS»«*fi»©tt*H:»i:a 

io [0004] m™A*)]s&&<D®nmii\$, ^%i;H7 
-r a i c»ttta3R/5*;u©BSto&ffiictt#-r*fc#A 

SttTfcD. ffiffi F^-fAl C©fi«£Efl2©aA«tJfiJ6 
Sft"n»*. t^u »*H*WKTFT (»Rh7> 

T»DjIU**atJ*tt (TFT — LCD) Ttt, h*7 
-fA I CCB^CBBBBSJUS'TSh^^X*'©*!? 

[0 0 0 5] 3S/t*;PB*ffli8»«*l4, SttOl 0 

^>f?7^©TFT-LCDTIt HJ&?S©iBg«7J 
^ #1. 5WSBT?, /ty^5-f Mi8W*»5WB*T?** 

< liAhS!6ft«»T?©Bft*tflIIBa: 0 . 2 w*tt;0t£# 
SftTV»*. C©«W1*©WHB, BHSftSSftB 

tfc*. »c, jseffla3S8B*K:4effl*n*»ft5o 

•fe>?BU:©*ji«8BTH, ^B«AB«qSB«9r©B 

[0 0 0 6] SI 1 (a) 14, f*07?f-f^h'J 

y^^B«fta*«B**-riii«(iiaHT?»*. ski 

30 SfcAD. ££$7 3, &»BE&7 5, 3 

a^fpiaan, f^ai c«kDj£»ii£B*Bft 

itSIBWAASnfcllKh?^* 7 7lit> 
ttflg 1 13. 0 , 7 43^6 ©BBB^tftti&gB 7 8 

Bit^^fc*, *>»K9«oanfcH«B-^*«Kii7 9 
t-€-©**fti$3ns. 

40 [0 0 0 7] C©±5*«lB©«iia3i«SBTftt, 
&trfl«#*&i*.ra-©BB-C*'3T , b, 
«B»f*&B±. Hfi> ^3SEfll^TI»Rh5>yx^ 

fi^tffl H5-f a* i cttfcA.r»fp-r«©^ nti\tn\z 

[0 0 0 8] intJJLT, 011 (b) fc*-r«fc5 

50 6»f^«*S*jSfe*«®e4nTV>S (J.Vanfleteren (I 
-38- 



3 

DRC, 1988.P74-79)) . b^b. ajSH*©^^ 

sc i zmmtzmjizft?^ y?m?r 1 at&Bt 

[0 0 0 9] 09*. 14, R«-±OCl©eftfl[*»iifl[lC^ 

©*>fitt©±#wt»£u @wfT5g^*«$n 

fc^. ifflxT, Cl«o*i!flsttllMMI*o±#*JB< 
ZttttZ. Ctt&©ttM-±©HBtt. *5fmSJ&#7 

»D, *»J*©3i*8B!W*ft&nTlr>fc. 

[0 0 10] T^fY^h'Jyi'XllScigi 

[0 0 11] LfrU fl£*OBIto5ifeT?tt. TFT^f 

n, H**S©tf8#S£Sil'^Jl'2':7hBttH*« 
BftCJlfcD, WMSttfflBICioTtiliSItT 

[0 0 12] 

BK:B*t*«l&-r<&&»©A'f y^JlFFfcjfcSBRTifiaS 
K»-r*©Ttt!te<. 7*n£f»fttf>:/;i,*--;VFIII 

[0013] sfc. MSKmc^^^^^^en^^ 

V"VH/7 ha*3S£U H© WW5"7 hffittM^«S 
©THS39»aaatH*«ff»CJlttD. ^iBlSSSffi© 

- n)CI4] ±S*«**.*bT&$nfct> 
©T. *©i»fr*t^5tt, P^/tl C©?BR« 

wBBft«ttT<5Cfcfc*«. 

[0 0 15] *fc. *5!K©ffi©@Wtt, F^-f A*I c 



(3) ®P¥8- 1 9 4 2 0 5 

r v * JMSBSSS Bjffi t b fc7 $r x A 71 h U y 9 X 
[0 0 16] 

[«H*»ft-rsfc»©*a] ±|ERfi&*ft-5-4fc» 
K. *KMtt*©J:5ft«l«S«fflUTl»5. SP^, * 

A-f y?%?ZW>Wc72T4 7"t h »J y 
BKfcHT, JBl©S«±KVhUy^XttKEttSn 
&«*««£. JBl©S«±fc-35FlRjfc»oTEB3tt 
i0 fc^3S*©*4^t, »l©*S±K«llE3feS«t3!sS 

f5*iei»:EBsnfcaR*©fflr#*t. mE^snt 
WEm^istfflftsassc-tn^nEBsn. ££££ 

^n5©^*usH : KjttiSUT-€-n*n»tj-&n. 

©Wf!&*i&Eif**fifc»*3n. B#©*ftf«»P* 

tts#ASE«ic»«an, mffi^tua^Kfiaesn 

^i©S«<h^[6]EB^n, ffiEID*B«i^»^-r«J: 

a? 5c^«a3j»ttwsnfcjS2©is«t, aiai«S2 

[0 0 17] *BW©a*U»*lS»*il/T 
it. #©&©#& 6 ns, 

(1) a^*mJBttttfit?*<bc:i:. 

(2) ££8Rtf£5*t2, H*«ff|iq£EB£n?"S 

(3) ^Bttfc^fcSEBRtfaiRJBBro^a^ifc- 

5» (4) H-jtaEiifciSttsnfc/tus^^aEaiRsn 

(5) 2fi«*«^&ff»r*^ ; EU* : jF*«3f»»tt/t 

(6) ^*'J*^Stf^-fy?3R^ti, »Kh5>5?A* 

[0018] *fc. #58$ (n^4) «, vhUyi' 

A EB 3 n & & H* C A ^ y ? ^ ft K»* & 7 * x * 7 

vhu y ^xaas*iific*v»T. s«±ict f u y 9 
40 AttfcEBSttfcBBBSt, MESBLtic-aiRifciB 

3!E«lt2fl«S-5-S^lfilCEfi3nfc«»*©B«lt. HI 
EifcSE*iMBffl^*fc©#3g*fcEBaft, 

Btfttt^n. «*©*8^*«S**ttft4A<&E«fcS 

so ®mmmmfe&mz~7uy titan* K^oy^ft© 
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(4) 

5 

(1) SE**f»Hf4«ftT**Ct. 

jit. 

(4) ^diht-, X'fy?*?, Bsratt. d-s« 
t. 

[0 0 19] 

*45*&<. *0ttlft&««fcft$. ^B*CDa*fif« 
[0 0 2 0] BPS. fl!*8«T»»«ft«©3tett*fc* 

«»oa»*t«»a[nTv>fc«t, *«wth;. ft*©* 

cT}B*an<5«*tt»if*ia-p**sif/h3<a5. 
*-JH* 5 nsa* (i*f [S]«ffi©$iiftB»j ii «t s t> © t 

o h z aT©fi^Hawc+»ftfc». raite^fift* 

B1S£©1 0 0»©1*»S 1 0 0 0&©l8KKlH5X 
[0 0 2 1] Sfc. ^t'J^tl/TX^r-f y^fflft 
*ft ftt5*£&X-f y £ fctt&< , 

[0 0 2 2] *&. *5SW <»#S4) icj^nii, iS^ 
S ! SSc--tS^-'M*tillft^Tt»a _z t c J: rj, 1 7 
Sift*. fle*©Blbfel?c©J:5lciB«Bfe>l**ftly 
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5 

[0 0 2 3] S 6 C, iStUft £©3tttSE»««0!) 1 US 
©g*^S8ii^>Xtt*7©2«SiTfeSfcft. 

«3KlBtt**»&tt*. 

[0 0 2 4] 

LfcSKigr^sftfcSii h j>y*9*m 

7t h u y ^xa?Ksg^gg©s**^&^-r 
*>©•?, (a) tt^7«3tefffi0, (b) 

TfcS. #5**^&fc5»l©IMilJ;lCB**fi2 
*tv h U y 7 ^ttCEHSnT* 0 , H*«ff 2 BCI4 

nr^s. *s^3tf?^H4©^gg6ic^Ts^ ; E 
u *? 6 *»« ft sn. / ^ 'J 6 tH^«ffi 2 
X-f y 7 jWRtt 6 ft T W -5 . 
[0 0 2 5] S*l±tttBrjae*libT*7X**»6 
&5»2©£fi9#»|SlE11SftT$3D, S«9©^[S] 

1, 9MC«*«»JBtLT©*ft)B10*»SA*ftT 
fcfc, 0*©1 3tej£SHH;HA\ 1 4tt«^ 
& h* 5-f A*. 1 5 »#fl»l F:MA*TJ&<5. 

[0026] 02 (a) «, ^mmmtDimmmmm 

3 i«^«4 ©XSWfc 2 fflT-^«^/ 1 iJ tl? 6 *t 
S^^ftTiSO- ^O^tU*Tp6fctt, ft»aftTt> 

*. ^©7^ y^*? 7tt, bW*QM2 t<D 

^©fiSxii&fflflL. ffijiJS 1 0 ©AW 77*JBftW» 
bT^5. 

[0 0 2 7] 02 (a) K&ttZt^VftTOWth 
T, 2 >/N*— ^Srffl^IE^jg^-B-feJgro^^U HI 

hy>-7X^©^7i(#tt)0t+»Tft<7^n^ 

[0 0 2 8] A^WftHISSfflfijcS, 02 (b) KjST. 
1316011 (b) tit«l/T. SftCl«CFBT**fc 
HTi" (bi w^?t i i^^rr^SDOJg^S 1 
«/jN$<Tfe±K X-fy?*?2 1 t-f >A'-^EI!& 
1352 2, 2 3 0#* : f9-'fXtt, 'f>/t-^HIBa©« 

tt. *^2 1, 2 2, 2 3, 2 4CD*^-fXOJt*«, 
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(5) 

7 

1 : n : n : n * mrSj£Ufc»&K:ttn = 1 ~ 1 0 
0, Hto<tfn = 2~l 0*»6#&Rtt*frTfc5. 
[0 0 2 9] 03 (a) (b) Rtf04 (a) (b) 
*©ffi«>^tU*?ftfiUSbfc lH*ffl©iai8«*«l« 
wf. 0 3 (a) £ (b) , 134 (a) £ (b) »i, * 

n^emmi-x-i y?*^©«ttffiHa*ji&fi«j£w* 

-rsa*, fi»s©*a^gHTttE«t*ttTfc;i^u 

©fiTH&u&K 

[0 0 3 0] BMiftgtt, H5©«fc5KH£*©*fias« 
$gC©B»©£3CCUI&B»&&£. j6SE*3lCJB2fc 

y5 1 * ; ?7©BiH&l!Sirr5fi#&ff*i»4*aL, 

ff£A£T5. ±i£©30, **«»©SEifi«tX<?/ 

^^©jattfiwttoftftjWMfi^nntf. ±khjs& • 

[0 0 3 1] #ggteffl®±, #ikB&©J;7tCg^IIi i» 
fJ^MTifc*. L*U 0 5©±5tC. »JfE&$S^i£A 
ftD#fe*l$fca^v^«©*ft*ttrt«, Xfommmn 

©WVS*ffi3a>filr»«ffijJ»©if , 6 63^©*fil[ttfflKlHjefl: 

*7ttJB^«D#*>5t*©«a*ffiawg©&»©. 'J 

[0 0 3 2] St>ffi*fc;&iS£LT, 06 (a) ©±5 50 

k, *a«*©»*fli#©raK^7>*>i'»iM««^ 

37jj£**&-5. SE*a©T/HXTtt. 01 1 (a) © 

m&7 9^x1 7f$f7 7©u-^««fcj:*mffiffi 
fi#©«#a*»ra*fi«rr*i:t*«esT?**» 

ofc. *»98©* : PTtt. 0 2 (b) ©«t5(C. X-fy 
g 1 fg : ?2 l©y-hMH©ifc«©<I#S2l5©*TS&5 

U7U^s/i©i*iwttt!a6a[©3tH t t:B.6na 

[0 0 3 3] 06 (b)-©±5K, ^BX^iitt 40 

&}\Z 'J 7 W y ->a.itr, U 7 U y •>at?»7'f >©BflW 

[0 0 3 4] ft** 06 (b) t*HT, TglJU7l/ 
S/^a^Xtl. U±lliI©'J7W-7^i5-1'>S: _ CS> 50 



«fM¥8- 1 9 4 2 0 5 

5 

•5. lHES##^.©^J6©'j7I^«>xjLlH]|gc(i, (y 

-h:M>&) /mmmsnz. 

[0 0 3 5] C ©J; 5 (C*^iS^(I «tn«, 1 HS«fc 

x^x^y^fflro^^us^efttttt. d©5ii^6©fB 

ttwa-cx-f v^*^ 7fcKft-r*«fc5euT^<&© 

T. »*W»*«aEfl:U!a:^»&fctt, ^'J^ 7^© 
flMB©«£»*.tt*5T?»S. C©fc», jfcSEflH}*!! 

[0 0 3 6] Sfc. ^ i E«J* ; p6!fl«X5'7->f y^iBTrft 
SCtfrS, IfflfBHll (b) twLfcf£3l6©J:5ir. 

**a©iWf*sc i *cn*«»-rsiB*«8o*s 
6"b«»«*©ffi«iKwa9T*5. a ski, *safi«n? 
jwmmsft. ^rh*©#£JJUH»«» 1 «*©#* 

[0 0 3 7] *H»0!K:fcV>T, 7 ; E;V7 7^>' , Jn> 
JWRftttJBL&l 0-f W5XC9TFT-LCD-7© 
ffi$tmtlUmt. a*MIifc#iM.&V»ttKT?l 0 m 
W, HB©»«it««tL'T'b3 0mW*»t, 

t£*£Jtt&LT, 5 0#© 1 ©*«&ffii8»«aflsa»* 

($fttt2) B7tt. *S898©SI52©*Jt«fcfll*j<57 
7*T h U y^Xffl**«*S6li*»i»-rafc«)© 
*>©?, (a) BlBXffittA^-rillKH, (b) tt 

U Sjl^©JStjg&rffl0T?&5. 
[0 0 3 8] *&K0!lt;K. £*tt£l;£&l©$ffi0!£H 
«T?**]0»» 07 (a) K«f«fc5K:» ^€'JiT3 0 

*?3 0©JM*«*MEttH7 (b) [C*-r®0T*>3, 
a«©a»X^^-fflTFT©y-h*2H«|j6tl/&'b 

©Tfes. H?©3itt&K. 3 2Hiiy-h (mm 

V-b) , 3 3«y-h*6» 3 4«m2y-h <# 
iy-h) , 3 5 tt h >*;«6a«, 3 6l4a-Si<S 

©fl§tt^, 3 7\mmmmm. 3 8 a, 3 8bav-x 

[0 0 3 9] «£©lBlfttt, «£*Jgil©X-f >v?>yiHl 
»©I«-C*410' 0K±©*S**»ff*»JET* 

T*sae>«, efri(i^.i§ift» i o o~i o o o o»© 

UTWfflT**. ±i£©^*'J3(fftt. EEPROMi 

jsi&oii^^ si«^«^©m«-sim^*-7" 
(d-ea-7*) *t. tx?u->x*»tt**-r*»» 

[0 0 4 0] fttfWfctt. H8lC*-r«t5t, tXx'J 



(6) 

9 

fc**U*?©SM*t>B»fc^©&afcJ;OWC* 

mm® 3) mi (Dgmmz, v com mmmm) 

SSSfEfl^fclVref (M5) «CA*bTt>J;K V 

to 5 t&mmm8 t<Dm£®m\z&5&mmmm®.v 

[0 0 4 1] — 2r, S^ff^^Vcom tVref OW^IC 

a*u «rs;:<>: fewest bimb^f^ 

ni C©tt«Eft3&rpJ«t&S. C©B»I*. vcom © 
*£2«B»Lfc*&iJtttbT. H 7-f A' I com 

[0 0 4 2] &*K«C:fettS**U#?©SttB«i« 

>, 7t^7 rXvU 3 £n5#> #ic*«jfi 

©SSS^tt, 3 «H?*-f s^tfpeDftffe&tTirtBfc*? 
T&n«, lKB#©&St«i©ttaU 0 s f&SKTS^Jl 

*jib ^n», stt*«5iwttHBK»i 5 ccs 

©:/n-fe;*±©IW». JFf«jfi±©Wt53WMlSn*. 50 

[0 0 4 3] 7*h*)>#974-JM*ii&l, 

yi*tt©*?T»t>Tt>. S6KJ««r>3>h7^h*S 
#8 6*1*. *&. 02 (b) *©*?2 4S£«7:=. 

(~10fM K«jrrsilfct>Wr»*. 

±j6©ao*siBffifc*ft3&»»4UT^-55-f >\zm& 
ws m&mmzmx. fe&rzmwim ©*at?«sm»» 

BMU tt{Bffi©»©ffi^tt&&&a*.£C2:l;):. ¥ 

©±#£ffl jo 
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[0 0 4 4] ftHasacffiJg^Oftft^n 
5»fftti:tT. h-*W©B»I C©i8§S«£©4£ 
^Dy^flsf«5-f>«Ctl/Ttt, 10 
-2 0 0, S*b<tt5 0-1 0 0©j£SMfo&«J:V». 
^D9ffl:lft5'f >©Jf£#&«. H&<g^©A;*J$ 
fcH»**U«Rl*W««#«tttBU ftffibfcjfcSE? 
-f >«©^ny^ffiBtfi^*B»IC'MH*-J-a. £ 

©fWtt&SffS. 
[0 0 4 5] HSf 
a * * 'J ©IB»«*!8*****^ ©iBRBAKK^fij* 

[0 0 4 6] £©#£•?&, &i*H3R#t:t>tt&©ttft 

>«©^*U ^-^©^tf^ffiffl UT©Jt*f! 
fc«fc9, »HBtt©B-£l**6£ft4>iirs£:ft3-. - 

2r. **9>3'^riCT?WBti&:s©«. -!*->7*'j>:/« 
K3W»j«iaB©3a**««i»i?*a:v». it&mtc 

^J&*tf>hSa**B-*-*::fcT, *WB&*»T* 

-5. 

[0 0 4 7] H«**Uira**U1***&»III©1l!r* 
*#*»HttHJ«©*££BH^T*5SftiLTtt. £ 
*gfifc¥H£»fcSw©tt*ttttSTS£i* 6 
n*. &#«fctt. AV3>^©77 h-7X7©£< 
tt. S^Hffi©^a«5tcSJRfflSc^K8ltg^©Hffi<£ 
Wf4Cta»*lr». C©aRffl©Hffi«*©^<»3:. X 

fls-r*i:£**#<&^. £©,1:3**^, ftaw&v? 

^otl^OT. -?-©®^{C^T-5^3Em^.© l J7l^<>' 
[0 0 4 8] WJCDV7 h'7X7lCBIbT i b, i±IT 

*■©«*?&»£** z tTfi**wr* - i t pjtetft 

LTtt, aS8Bffl!t:Hffl©U7Uy5/a-r4B*ft»J- 

[0 0 4 3] SS:. ^•SS^®*ffeSM*?'*«'iT 
fc. BBCPHS©**tttt3WBfls-r*B«J4, iffl^^* 
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[Title of the Invention] 

Active Matrix Type Display Device 

5 

[What Is Claimed Is:] 

[Claim 1] An active matrix type display device comprising: 
pixel electrodes arranged in a matrix form on a first 

substrate; 

10 a plurality of scanning lines arranged in a single direction 

on the first substrate; 

a plurality of signal lines arranged in a direction which 

intersects with said scanning lines on the first substrate; 
static-type memory elements, placed at each of the 
15 intersections of said scanning lines and said signal lines, for 

retaining binary display signals which are input from said 

signal lines according to scanning signals which are input from 

said scanning lines; 

switching elements, provided corresponding to said memory 
20 elements, each comprising terminals one of which is connected to 

one of said pixel electrodes and the other one of which is 

connected to wiring for supplying reference potential, for 

toggling the terminals between ON and OFF according to the 

signals retained in said memory elements; 
25 a second substrate placed so as to be opposed to the first 

substrate, and provided with opposed electrode arranged so as to 

face _ said_ pixel electrodes, and 

a display material layer disposed between the first and 

second substrates. 
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[Claim 2] An active matrix type display device according to 

claim 1, wherein 

said display material layer is made from liquid crystal, and 
an alternating-current signal is applied to at least either 

said wiring for supplying reference potential or said opposed 

electrodes . 

[Claim 3] An active matrix type display device comprising: 

pixel electrodes arranged in a matrix form on a substrate; 

a plurality of scanning lines arranged in a direction on 
said substrate; 

a plurality of signal lines arranged in a direction which 
intersects with said scanning lines on said substrate; 

memory elements, placed at each of the intersections of said 
scanning lines and said signal lines, for retaining display 
signals which are input from the said signal lines according to 
scanning signals which are input from said scanning lines; and 

switching elements, provided corresponding to each of said 
memory elements, each comprising terminals either one of which 
is connected to one of said pixel electrodes and the other one 
is connected to wiring for supplying reference potential, the 
switching elements of which resistance values between terminals 
change in accordance with the signals retained in said memory 
elements; wherein 

said pixel electrodes are organized into blocks by the 
predetermined number of pixel electrodes, and 

each of the blocks has pixel electrodes of varied dimensions. 



[Detailed description of the Invention] 
[0001] 



[Field of the Invention] 

The present invention relates to an image display apparatus 
such as a liquid crystal display device, more particularly to an 
active matrix type display device using switching elements such 
5 as thin-film transistors. 
[0002] 

[Description of the Prior Art] 

In recent years, development activities for obtaining thin 
display devices such as a liquid crystal display device have 

10 become very active. Because, among others, needs for display 
devices of easy-to-carry portable type and display devices 
capable of providing big screen are growing, it has become 
necessary to achieve weight reduction, extend operating hours, 
and reduce power consumption. In addition to the pursuit of 

15 high performance of batteries for power supply, the reduction of 
power consumption in a display device itself produces a large 
effect to deal with the above needs. 
[0003] 

Because the efficiency of fluorescent tubes used as 
20 backlights, light guide plates, and inverters for fluorescent 
tubes are very low in liquid crystal display devices, larger 
effect can be obtained by reducing the power consumed by such 
lighting devices. Under the present circumstances, therefore, 
almost no attempts to reduce power consumption by improving 
25 display material or a display panel itself have been made. 

However, it will be necessary to reduce power consumption in a 

display panel in the years ahead. 

[0004] 

Because it is considered that power consumption in a display 
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panel is mostly dependent on the characteristic of a driver IC 
and driving method of the display panel, improvement of reducing 
voltage of the driver IC to be used is promoted as a means for 
reducing power consumption. However, in a method (TFT-LCD) for 
5 repeatedly writing image signals at short time intervals using 
switching elements such as TFTs (thin-film transistors) 
installed on a display pixel section, it is not easy to reduce 
the power consumption in transistors having the function of 
driving each pixel in the driver IC. 
10 [0005] 

The display panel, for example, a TFT-LCD of current 10-inch 
class consumes a circuit power on the order of 1.5 watts and a 
backlight power in the order of 5 watts under present conditions. 
In order to extend operation hours of batteries, the display 

15 panel should consume less than 1 watt of power, preferably less 
than 0.2 watts at which it is possible to drive the display 
panel using compact and lightweight batteries. The problem 
surrounding the power consumption becomes more pronounced in 
reflection-type display devices without lighting rather than in 

20 transmission-type display devices with lighting. Particularly 
in a display device, for example, which is used for displaying 
advertisements and measured more than 50 centimeters from the 
upper left corner to lower right corner, the amount of power 
consumption causes a problem that installable sites is limited. 

25 [0006] 

Fig. 11(a) shows a circuit configuration of a prior art 
~ active" mat ri-x- type liquid . x:ryst_al_displa_y device. In thin film 
process, scanning lines 73, signal lines 74, common wiring 75, 
thin-film transistors 77 of a 3-terminal switching element, 
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electrodes for pixel section, and other elements are formed. 
When scanning signals and image signals are respectively input 
into the scanning lines 73 and the signal lines 74 from driver 
ICs, the thin-film transistors 77 in which scanning signals are 
input change to the ON state and the image signals from the 
signal lines 74 are registered in sub-capacities 78 as well as 
transmitted to liquid crystal cells 79. When no scanning signal 
is input, the thin-film transistors 77 change to the OFF state 
and the image signals impressed when the thin-film transistors 
77 was in the ON state are continuously retained in the liquid 
crystal cells 79. 
[0007] 

In a liquid crystal display device having the above- 
described structure, even when a signal to be written is the 
same image obtained by the previous signal, it is necessary to 
rewrite the image signal by turning the thin-film transistors to 
the ON state again because of the necessity to perform 
alternating-current driving on the liquid crystal material. 
Accordingly, the driver ICs for scanning signal and image signal 
which generate driving signals operate constantly, consuming 
power at all times. 
[0008] 

Another method in which an analog signal is registered in a 
capacitive load CI by a first switching element Tl so as to 
operate a second switching element T2 is suggested (by J. 
Vanfleteren (IDRC, 1988, P74-49)). Because the switching 
- alsrneiit _ T ?._arid_3_ cap_acitiye load C2 connected with the switching 
element T2 become larger as a display pixel increases in size, 
the switching element Tl capable of driving the large-capacity 



capacitive load CI is required for preventing fluctuations of 

retained analog data. 

[0009] 

For example, when the designed capacity of CI is extremely 
5 small, the ON signal sent to T2 at the time of switching of Tl 
from the ON state to the OFF state decreases in level, or ON 
resistance of T2 increases due to secular changes of threshold 
voltage which is a boundary voltage for turning T2 to the ON 
state. As a result, the desired display is not attained. On the 
10 other hand, upsizing of CI as a remedy for this problem results 
in increased power consumption. Because these design constrains 
are mainly caused by an analog sample-and-hold circuit of this 
element structure, a new structure for display devices is needed. 
[0010] 

15 A method for digital gray scale display using area 

modulation is suggested for active matrix type liquid crystal 
display devices. In this method, pixel electrodes are organized 
into blocks by the predetermined number of pixel electrodes. By 
including the pixel electrodes of varied sizes in each of the 

20 blocks and selecting pixels to be displayed within the block, 
the area of display pixel in one block is digitally changed. 
[0011] 

However, in conventional driving methods, parasitic capacity 

contained in the switching elements such as TFTs introduces a 
25 level shift of pixel potential, which adversely affects display 

performance at the time of switching. The amount of the level 
?b rft_i_s_ determined _by the distribution ratio of switching noise 

charge of the parasitic capacity to the pixel electrode capacity. 

Because the amount of the level shift differs from pixel 



electrode to pixel electrode when the pixel electrodes vary in 
dimension, it is difficult to eliminate the effects of the level 
shift by adjusting the opposed electrode potential. 
[0012] 

[Problems to be Solved by the Invention] 

As described above, in order to reduce power consumption in 
the driver ICs, the method for driving the switching elements 
for supplying a signal to a display material layer such as a 
liquid crystal layer through the use of the sample-and-hold 
circuit in an analog fashion has been suggested for use instead 
of a method for directly driving the switching elements using 
scanning lines. The effects of this method are, however, 
insufficient. 
[0013] 

In an example of a digital gray scale display using area 
modulation, level shift of pixel potential due to switching 
noise charge occurs. Because the amount of the level shift 
differs from pixel electrode to pixel electrode when the pixel 
electrodes vary in dimensions, it is difficult to render the 
level shift harmless even though opposed electrode potential is 
adjusted. Accordingly, it is actually impossible to achieve 
area gray scale. 
[0014] 

The present invention, which was conceived in view of 
aforesaid problems, therefore aims to provide an active matrix 
type display device capable of reducing power consumption in a 

uri v ci • — — - _ _ 

[0015] 

It is another object of the present invention to provide an 



active matrix type display device capable of reducing power 
consumption in a driver IC and capable of performing digital 
gray scale display using area modulation. 
[0016] 

5 [Means for Solving the Problems] 

In order to solve the above problems, the present invention 
adopts the following structure. The present invention (claim 1) 
provides an active matrix type display device in which pixel 
electrodes, each of which is provided with switching elements, 

10 are arranged in a matrix form. The active matrix type display 

device comprises pixel electrodes arranged in a matrix form on a 
first substrate, a plurality of scanning lines arranged in a 
direction on the first substrate, a plurality of signal lines 
arranged in a direction which intersects with the scanning lines 

15 on the first substrate, static-type memory elements which are 
placed at each of the intersections of the scanning lines and 
the signal lines for retaining binary display signals which are 
input from the said signal lines according to scanning signals 
which are input from said scanning lines, switching elements 

20 provided corresponding to said memory elements, each comprising 
terminals one of which is connected to one of said pixel 
electrodes and the other one of which is connected to wiring for 
supplying reference potential, for toggling the terminals 
between ON and OFF according to the signals retained in said 

25 memory elements, a second substrate placed so as to be opposed 
to the first substrate and provided with opposed electrode 

? T-r;?ngeH so as to face said pixel electrodes, and a display 

material layer disposed between the first and second substrates. 
[0017] 



Here, it should be noted that preferred embodiments of the 
present invention are as follows: 

(1) The display material layer is made from liquid crystal. 

(2) The scanning lines and the signal lines are placed between 
5 the pixel electrodes. 

(3) Alternating current is applied to at least either the 
wiring for supplying reference potential or the opposed 
electrodes . 

(4) Alternating-current signals impressed from either the 
10 wiring or the opposed electrodes when the memory elements 

connected to the same scanning line are scanned and selected are 
maintained at a constant potential. 

(5) The memory elements retaining the binary display signals 
are formed by nonvolatile memory. 

15 (6) The memory elements and the switching elements are formed 
by thin-film transistors. 
[0018] 

The present invention (claim 4) provides an active matrix 
type display device in which pixel electrodes, each of which is 

20 provided with switching elements, are arranged in a matrix form. 
The active matrix type display device comprises pixel electrodes 
arranged in a matrix form on a substrate, a plurality of 
scanning lines arranged in a single direction on said substrate, 
a plurality of signal lines arranged in a direction which 

25 intersects with said scanning lines on said substrate, memory 
elements placed at each of the intersections of said scanning 

- li-nas and -said ^signal lines for retaining display signals which 

are input from the signal lines according to scanning signals 
which are input from said scanning lines, and switching elements 



provided corresponding to each of said memory elements, each 
comprising terminals either one of which is connected to one of 
said pixel electrodes and the other one is connected to wiring 
for supplying reference potential, in which resistance values 
5 between terminals change in accordance with the signals retained 
in said memory elements. In the active matrix type display 
device, said pixel electrodes are organized into blocks by the 
predetermined number of pixel electrodes, and each of the blocks 
has pixel electrodes of varied dimensions. 
10 (1) The display material layer is made from liquid crystal. 

(2) The scanning lines and the signal lines are placed between 
the pixel electrodes. 

(3) The switching elements operate in two states of ON and OFF, 
and comprise driving circuits for driving each of a plurality of 

15 signal lines and scanning lines in the two states. 

(4) The memory elements, the switching elements, and the 
driving circuits are configured by thin-film transistors formed 
on the same substrate. 

(5) The memory elements are used as image storage for 
20 application system. 

[0019] 

[Actions of the Invention] 

According to this invention (claim 1), static-type memory 
elements provided to every pixel make it unnecessary to execute 
25 periodical rewriting, with a result that the current status is 
maintained until information to be displayed is changed next 
time: By ■ -e-liminat-i-on-cf_ t"he_ necessity to rewrite information of 
the memory elements when display information of display pixel is 
not changed, it also becomes unnecessary to periodically 

10 



rewriting scanning signals and image signals. As a result, the 

power consumption in driver IC is reduced. 

[0020] 

In other words, most of the power is consumed by charging 
5 and discharging of capacitor load in conventional devices. On 
the other hand, because the necessity for impressing a signal of 
the opposed polarity with constant periodicity to the data line 
for alternating-current driving regardless of a change in 
display image as is in prior art is eliminated in the present 

10 invention, the data line driving circuits and/or the control 
circuits remains almost at a standstill. Accordingly, other 
than the power consumed for direct-current driving of the 
opposed electrode, the power consumed by these circuits is 
negligible. Because the only consumed power is supplied at 

15 frequency lowered to the extent possible to which flicker is not 
visually recognized, for example, 60Hz or lower, power 
consumption drastically decreases by a factor on the order of 
100 to 1000 relative to conventional methods. 
[0021] 

20 Further, by employing static type memory elements, load 

capacitor having large-capacitance and switching elements 
capable of driving the load capacitor become unnecessary, which 
also contribute to reduction of power consumption. In liquid 
crystal display devices, whereas it is difficult to extend a 

25 cycle of rewriting a signal to pixels due to constrains of OFF 
characteristic of the switching elements or visual recognition 
ox -riicker-in- prior -art- _">t^becpmes possible to extend the cycle 
of rewriting all the pixels and extend rewrite time of a single 
pixel in the device according to the present invention. 

11 



[0022] 

According to the present invention (claim 4), the structure 
in which pixel electrodes are organized into blocks by the 
predetermined number of pixel electrodes, and each of the blocks 
5 has pixel electrodes varying in dimension facilitates digital 
multi-level gray scale display obtained by one-block area 
modulation. When area modulation display is tried using 
conventional methods, the level shift of pixel potential occurs, 
as described above, due to switching noise charge. According to 

10 the present invention, the level shift due to the switching 
noise charge disappears through leak resistance of an 
optoelectronic transducer member such as liquid crystal soon 
after the completion of switching. Accordingly, digital multi- 
level gray scale display can be achieved without adversely 

15 affecting display performance. 
[0023] 

Further, because display status of the optoelectronic 
transducer member such as liquid crystal is two states of ON and 
OFF, a wide viewing angel is obtained even at gray scale display, 
20 and extremely high display quality without display unevenness 
can be achieved. 
[0024] 

[Description of the Preferred Embodiments] 

Preferred embodiments of the present invention will now be 
25 described using an example of a liquid crystal display device 
produced using thin-film transistors formed in a thin film 

process in_ ^h±ch_w<=l i -known semiconductor technology is applied . 

(Embodiment 1) 

Referring to Fig. 1 showing basic structure of an active 

12 



matrix type liquid crystal display device according to a first 
embodiment of the present invention, (a) of Fig. 1 is a cross- 
sectional view of the element structure and <b) of Fig. 1 is a 
schematic drawing showing a circuit configuration. Pixel 
5 electrodes 2 are formed in a matrix form on a first substrate 
made from glass or the like. In between the pixel electrodes 2, 
scanning lines 3 are arranged in the right-and-left direction of 
the figure, signal lines 4 in the vertical direction, and 
reference lines 5 are arranged in parallel with the scanning 
.10 lines 3. Memory elements 6 (described later) are placed at the 
intersections of the scanning lines 3 and the signal lines 4 . 
Switching elements 7 are installed between the memory elements 6 
and the pixel electrodes 2. 
[0025] 

15 A second substrate 9, formed by glass or the like, is 

opposingly placed at a predetermined distance from and above the 
first substrate 1 and provided with opposed electrodes 8 formed 
on the surface facing the first substrate 1. Between the first 
and second substrates 1 and 9, a liquid crystal layer 10 is 

20 sealed as display material layer. Reference numerals 13, 14, 

and 15 in the figure represent a scanning line driver, a signal 

line driver, and a reference line driver, respectively. 

[0026] 

Fig. 2(a) is a circuit diagram representing the circuit 
25 configuration in one pixel portion according to this embodiment. 
A memory element 6 for retaining binary data is connected to the 
scanning line 3 -a-nd-ths-s.ign?.l_. J-ine ^4 in their intersection area 
and includes an output section for outputting retained 
information. The output section is connected to a control 

13 



terminal of a 3-terminal switching element 7 which controls a 
resistance value between the reference line 5 and the pixel 
electrode 2 to adjust bias condition of the liquid crystal layer 
10. 
5 [0027] 

As an example of memory element shown in Fig. 2(a), a memory 
circuit in which positive feedback is achieved by a two-stage 
inverter, that is a static-type memory element is conceived. 
This circuit is distinguished in that even a transistor element 
10 incapable of being used as an element for analog signal due to 
inadequate OFF feature of transistor can constitute the circuit. 
[0028] 

A specific circuit configuration is shown in Fig. 2 (b) . 
Compared with Fig. 11(b), an element 21 in Fig. 2(b) 

15 corresponding to the element Tl in Fig. 11(b) can be smaller 
because the capacitor CI shown in Fig. 11(b) is unnecessary. 
The element size of each switching element 21 and inverter 
circuits 22 and 23 can be specified using a similar concept used 
for determining the optimum ratio n of the number of stages for 

20 the inverter circuit. More specifically, when the ratio of 

element size between elements 21, 22, 23, and 24 is defined by 
l:n:n:nXn, appropriate design condition for n is n=l-100, 
preferably n=2-10. 
[0029] 

25 Other examples of the circuit configuration in one pixel 

portion using another type of memory elements are shown in Figs. 
3"(a)~ "ahcl ~('d)t "4 -(a)- "cinu -(b)-.- - Connection _posj.tipn of _ the 3- 
terminal switching element varies between Fig. 3(a) and (b) as 
well as between Fig. 4(a) and 4(b). The increased number of 



elements constituting display pixels as compared with 
conventional structure serves to decrease light utilization 
efficiency in a transmission-type display element, whereas in a 
reflection-type liquid crystal display device, the capability of 
5 forming memory elements under repeller prevents the decrease of 
the light utilization efficiency caused by the display element. 
[0030] 

Driving waveforms are represented as line-sequential driving 
similar to conventional liquid crystal display devices as shown 

10 in Fig. 5. Sequential scanning pulses are impressed to the 

scanning line 3 and a signal to control opening/closing of the 
switching element 7 is sent to the memory element 6 in 
synchronism with the sequential scanning pulses through the 
signal line 4. On the other hand, an alternating-current signal 

15 is input to the common electrode (opposed electrode 8) . 

Whenever the condition regarding the ratio of the resistance 
value of liquid crystal material to the resistance value of the 
switching element is satisfied, the above-described 
circuit/driving is capable of achieving suitable display. 

20 [0031] 

Refresh of the memory elements 6 is unnecessary in this 
device ideally as long as display images remain unchanged as 
still-frame pictures. For driving by the input of simple 
rectangular waves as shown in Fig. 5, however, liquid crystal 

25 potential on a switch side is fixed in either high potential 
state or low potential state when the switch is turned to the 

" ~ ~~OFF~ state TrruiiL -the -ON- state , This fixed state results in the 
component of alternating voltage being applied to the liquid 
crystal portion. In order to improve display performance, there 
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arise a necessity for providing a time period of refresh in 
order to establish liquid crystal potential when the switch is 
toggled to the OFF state. 
[0032] 

One of the simplest methods to achieve this is to establish 
blanking periods as shown in Fig. 6(a) in between alternating- 
current signals of the common electrode. Because the capacitor 
78 to compensate for decreased potential due to leak current in 
the liquid crystal cells 79 and/or the switching elements 77 
depicted in Fig. 11(a) is connected in shunt with the liquid 
crystal capacity, conventional devices suffer from a difficulty 
in reducing signal writing hours. The only task of the elements 
according to the present invention is to send signals for 
opening/closing the gate of the switching element 21 as shown in 
Fig. 2(b). Such simplicity allows the time period for refresh 
to be shorter than scanning hours observed in the conventional 
type of elements. 
[0033] 

Instead of overall sequential refresh of the elements as 
depicted in Fig. 6(b), time on the line to be refreshed may be 
divided so as to insert the time period for refresh into the 
rectangular signal of the liquid crystal driving signal. In 
this insertion method, it is preferable to refresh all the 
memories on every line in a predetermined time period. However, 
when the display image changes at a fixed point on a scanning 
line, for example when a blink display segment lies on a fixed 
positi~6h7 ~'rerr"e"S'h~nia-y-be-- per formed by HS5i^ n i n_g_ weights to the 
corresponding line. 
[0034] 
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It should noted that, in Fig. 6(b), taking the width of 
refresh pulse as Tg and the number of lines to be refreshed at 
the same time as 1, the number of refresh actions necessary for 
rewriting one screen is defined by (the number of gate lines) /l. 
5 [0035] 

As has bee described according to the present embodiment, by 
providing all of the static-type memory elements 6 on a pixel- 
by-pixel basis and driving the switching elements 7 based on the 
storage information in the memory elements 6, rewrite of 

10 information to the memory elements 7 becomes unnecessary unless 
display information is changed. Therefore, periodical rewriting 
of the scanning signal and image signal is also eliminated, with 
a result that the power consumed by the driver IC is 
significantly reduced. 

15 [0036] 

Further, because of the static-type memory, the load 
capacitor CI having large-capacitance and the large switching 
element Tl having the ability to drive the load capacitor CI 
such as described in the conventional example of Fig. 11(b) 

20 become unnecessary. Also in this respect, the present 

embodiment contributes to the reduction of power consumption. 
Further, because OFF characteristic of switching element and 
restriction in visual recognition of flicker is suppressed 
according to this embodiment, the cycle for rewriting all the 

25 display pixels and the time for rewriting a single pixel becomes 
extendable . 

[0037] 

The power consumption of a TFT-LCD of 10-inch class using 
amorphous silicon film according to the present embodiment is 
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estimated as lOmW in a state where the display screen is not 
rewritten, or as less than 30mW even in a state where the 
display screen is rewritten. These values show that the present 
embodiment can achieve significant reduction of power 
5 consumption which is one-fiftieth the conventional devices. 

(Embodiment 2) 

Referring to Fig. 7 used for explaining an active matrix 
type liquid crystal display device according to a second 
10 embodiment of the present invention, (a) of Fig. 7 is a circuit 
diagram in a single pixel portion and (b) of Fig. 7 is a cross- 
sectional view showing the structure of memory element. 
[0038] 

The second embodiment is basically similar to the first 
15 embodiment except that rewritable nonvolatile storage is used as 
a memory element 30 as shown in Fig 7 (a) . The concrete 
structure of the memory element 30 is such that a two-tier gate 
is formed for a reverse stagger type TFT as shown in Fig. 7(b) 
in which reference numeral 31 is a substrate, 32 is a first gate 
20 (control gate) , 33 is a gate insulation film, 34 is a second 
gate (floating gate) , 35 is a tunnel insulation film, 36 is an 
active layer such as a-Si, 37 is a protecting insulation film, 
and 38a and 38b are source and drain electrodes. 
[0039] 

25 It is ideal for the memory element that the number of 

rewritings meets the number of rewriting actions more than 10 7 
timeTs ~. ~ However,- -the -nurriber- ofL rpwrjLtinqs reduced by a factor of 
100 to 10000 is acceptable for the memory element which can be 
utilized in the display device of the present embodiment as long 
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as the display device is almost dedicated to f reeze-f rame 
pictures. Although the memory element having the EEPROM 
structure is described above, a display device having the 
structure similar to the present embodiment may be obtained 
using a memory element formed from a dielectric material of 
which electric field-dielectric constant curve (D-E curve) has a 
hysteresis property. 
[0040] 

More specifically, the memory element is formed by using a 
dielectric material having the hysteresis property as a gate 
insulation film as shown in Fig. 8. By controlling the voltage 
between terminals applied to the memory element, resetting and 
signal writing to the memory element are performed. In addition 
to a method in which the memory element is connected to a thin 
film transistor 7 as shown in the figure, direct connection 
between the memory element and a display electrode can be 
utilized by improving a driving signal. 

(Embodiment 3) 

Although the alternating-current signal is input only to 
Vcom (the common electrode 8) so as to drive the liquid crystal 
material in the first embodiment, the alternating-current signal 
may be input to a Vref (reference line 5) side. When the 
alternating-current signal is input to Vref, fluctuation in 
common electrode potential caused by a coupling capacitor 
connecting the reference line 5 with the common electrode 8 
through ~ a liquid crystal- laye-i" -1-0- is -observed , In order to 
prevent such fluctuation from occurring, a method for utilizing 
driving signals each of which is reversed in sign by every 
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reference line 5 may be employed. Further, a method for 
establishing periods of alternating-current driving signal on a 
scanning time basis is also effective. 
[0041] 

5 Alternatively, a driving method for inputting an 

alternating-current signal to both Vcom and Vref may be employed. 
This driving method allows reduction of voltage in the driver IC 
for driving signal because the amount of electric current 
passing through one output terminal of the driver IC or voltage 
10 to be output is decreased as compared to a case where only Vcom 
is driven by alternating-current. Accordingly, the power 
consumed by the driver IC can be reduced. 
[0042] 

As a material which forms an active layer of the memory 

15 elements in either one of the above embodiments, mono- 
crystalline silicon, polycrystalline silicon, or amorphous 
silicon can be taken into account. Especially for the display 
elements in this structure, any elements capable of achieving 
operation as 3-terminal switching element can be employed as 

20 long as the ratio of the resistance value of the element at 

opening to the resistance value of the element at closing is in 
the order of at least 100, preferably in the order of 10 5 . Such 
wide range of applicability is allowed because the active layers 
may be formed using organic materials or amorphous silicon which 

25 is subjected to film deposition in a temperature in the order of 
150 °C or lower, that is, because limitations to material 

processing _and_CLQO.straint.s_ on element structure are relieved. 

[0043] 

A display with higher contrast can be obtained even when 
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elements having switching characteristics inadequate for prior 
art display elements, such as elements for which 
photolithography processing is reduced, are employed. Further, 
by enhancing performance of the element 24 illustrated in Fig. 
5 2(b) with various types of annealing methods or other methods, 
miniaturization in si-ze can be achieved. On the other hand, for 
liquid crystal of display material, as long as electro-optic 
material properties thereof do not deteriorate with time within 
the bound of usual usage, an alternating-current signal can be 
10 established on a long-period (within 10 seconds) side where it 
becomes difficult to visually recognize flicker. 

(Embodiment 4) 

With regard to the method for refreshing memory elements, by 
15 assigning weights to the line where the display screen is 

changing, power consumption in the other portions where still- 
frame images are displayed can be suppressed. For the driving 
method, it is possible to obtain a driving section by improving 
the prior art line sequential driving method (that in which 
20 scanning lines are sequentially scanned) , but it is necessary to 
scan the scanning lines corresponding to identified moving 
sections. Rewrite of signal information performed only in the 
moving sections after precisely identifying the moving sections 
simply allows reduction of the number of scanning lines. 
25 Although such reduction would seem to serve the purpose of 
reducing the power consumption, because the structure of the 
driver IC "becomes eoiiipIicatsd,-^the_power consumption increases 
as a whole. 
[0044] 



In order to reduce the total power consumption of the driver 
ICs, the predetermined number of lines in the moving sections is 
organized into blocks. As lines organized in one block, the 
number from 100 to 200 of scanning lines, preferably from 50 to 
5 100 of scanning lines may be selected. In order to specify the 
lines organized in block, an image memory is provided on an 
image signal input section to detect moving sections. Then, the 
detected block position and signal on a scanning line section 
are output to the driver IC so as to provide signals to the 
10 memory elements corresponding to an animation display portion. 
[0045] 

External installation of the image memory requires the 
power consumption of the corresponding memory be reduced more 
than the power consumption of the display elements. Ideally, 

15 each of the display elements should have an image memory. For 
example, the entire image signal on the same scanning line is 
sampled either at predetermined intervals or sequentially to 
count binary information before comparing the counted data with 
the stored previous count data. By this comparison, moving 

20 images can be easily found. 
[0046] 

According to the above-describe method, it is impossible to 
identify moving image display when the total number of display 
elements in the ON state is identical. However, by executing 
25 comparison using the total memory data on the scanning line 
section organized into block in conjunction with the above 
method, - Tt "becomes possible to achieve. _sj .nni.f icant reduction of 
error in moving image recognition. A matter of concern in this 
count method is a count failure which occurs in a sampling 
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section and a counter section. When a large number of count 
failures occur, all the data is recognized as a moving image. 
Accordingly, it becomes impossible to obtain effects expected by 
the circuit in this structure. In order to work around this 
5 problem, error in counting should be taken into account 
beforehand at comparison. 
[0047] 

As a method for simplifying the structure of a moving image 
detect section in which information on moving image is retrieved 

10 from the image memory and information therein, a method to near 
permanently assign weights to display in the circuit of this 
structure can be employed. More specifically, a large number of 
software programs for personal computers or the like provide a 
screen for option or functional display on the periphery of the 

15 display screen. The screen for option often remains unchanged 
almost all the time. Because, in this respect, it is known 
which areas on which moving images are seldom displayed for 
typical software programs, the weight of refresh of scanning 
signal assigned to the areas is allowed to be lowered. 

20 [0048] 

For other software programs, if a display area where the 
probability of occurrence of freeze-frame image is high exists, 
users can specify the area to assign weights. For devices such 
as PDA comprising a predictable control screen up to a point, a 
25 method for specifying any one of the previously prepared schemas 
for assigning weights of refresh through the use of a switch 

such" a's" v i P - S w -c-a-n -be- adopted. 

[0049] 

The area on which the screen frequently changes in display 
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state on the control screen of measurement device such as a 
guage may be limited to portions where measurement results and 
menus for navigating operation are displayed. In the 
measurement ■ device, it is also known that only the display for 
measurement results changes unless a user operates a control 
panel. Accordingly, signal feeding to the memory element may be 
performed by scanning the screen corresponding to the portion 
where measurement results are displayed. 
[0050] 

The setting on the display device side can respond to the 
above case. More specifically, because reducing the number of 
lines scanned during moving image display enhances the effect 
provided by the display device according to the present 
embodiment, a screen for moving image is laid out in a manner 
wherein portions where moving image is display are centered on 
specific successive scanning lines. 

(Embodiment 5) 

Fig. 9 is a schematic diagram showing one block of a circuit 
configuration in an active matrix type liquid crystal display 
device according to a fifth embodiment of the present invention. 
[0051] 

Fig. 9 shows an ij-th block (i is 1-M, j is 1-N) when the 
total number of pixel blocks in the display device is taken as 
MXN in a case where 4 bits 16-level gray scale display is used. 
In the VGA standard currently in vogue for personal computers, M 
is S'lO ?.ncl N is _4 8 0 . 
[0052] 

An AND gate Gij is provided at an intersection of an address 
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line ADRS-Xi in the X direction of the screen and an address 
line ADRS-Yi in the Y direction of the screen. Intersections of 
output of the AND gate Gij and each of four image data lines DO, 
Dl, D2, and D3 are provided with AND gates GOij to G3ij of which 
5 outputs are connected to memory elements MOij to M3ij, 

respectively. The outputs of the memory elements MOij to M3ij 
are connected to gate electrodes of switching transistors TOij 
to T3ij to control toggling between ON and OFF of the switching 
transistors TOij to T3ij, respectively. Each of the sources of 

10 the switching transistors TOij to T3ij or either one side of 
drain electrodes of the switching transistors TOij to T3ij is 
connected to a first common potential line COM1 and the other 
side of the drain electorodes is connected to either one of 
liquid crystal cells POij to P3ij through the pixel electrode. 

15 [0053] 

The memory elements in this embodiment are not limited to 
those of the static type used in the first embodiment. Various 
types of elements such as dynamic type or EE PROM of memory 
elements may be utilized as the memory elements in this 
20 embodiment . 
[0054] 

The pixel electrodes vary in area. When the area of pixel 
electrode corresponding to P0 is taken as 1 as shown in Fig. 10, 
PI becomes double, P2 four-fold, and P3 eight-ford. The other 
25 ends of the liquid crystal cells POij to P3ij of pixels are 
connected to a second common potential line COM2. An 
altefria'ting-cuxrenL- dri-ve -power -source. DRV_ for liquid crystal is 
provided between the first common potential line COM1 and the 
second common potential line COM2. 



[0055] 

Operation according to the present embodiment will be 
described below. The memory elements MOij to M3ij stores 4-bit 
image data when both the address line ADRS-Xi and the address 
5 line ADRS-Yj are active and remains in this state until 
subsequent reselection is executed. Constant alternating 
voltage (for example, voltage with amplitude of ±5 volts, or 
totally 10 volts for TN liquid crystal commonly used at the 
present time) necessary for driving utilized liquid crystal is 

10 applied to the opposed electrode. The switching transistors 

TOij to T3ij which are restricted by the memory circuits MOij to 
M3ij controls whether or not the above-described driving voltage 
is impressed to the liquid crystal cells POij to P3ij of pixels 
so as to maintain desired display status. 

15 [0056] 

In conventional active matrix type liquid crystal display 
devices, most of the power is consumed by charging and 
discharging of internal equivalent capacitor of data line 
driving circuits and/or control circuits and by charging and 

20 discharging of the data line capacitor load and by high-speed 

charging and discharging of opposed electrode capacitor. On the 
other hand, because the necessity for impressing a signal of the 
opposed polarity with constant periodicity to the data line for 
alternating-current driving regardless of a change in display 

25 image as is in prior art is eliminated in the present embodiment, 
the data line driving circuits and/or the control circuits 
remains" "almosL-a-t- a-ctandstii l.,__Accor_dingly, the power consumed 
by these circuits becomes negligible except the power consumed 
for direct-current driving of the opposed electrode. Because 
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the only consumed power is adequately supplied at a low 
frequency in the extent to which flicker is not visually 
recognized, for example, 60Hz or lower, power consumption 
decreases by a factor of the order of 100 to 1000 relative to 
5 conventional methods. 
[0057] 

The reason for this decrease will be described below. The 
entire capacitance Ccom of the opposed electrodes is roughly 
determined by an electrode area S, permittivity s of liquid 
10 crystal, and a gap d as Ccom-sS/d. The entire capacitance of 

the opposed electrode in a liquid crystal display device of 10- 
inch class is in the order of 0.1-0.3pF. A power Pcom consumed 
for charging and discharging the above capacitance with an 
alternating voltage vdrv having a frequency fdrv is given by 
16 Pccm=Ccom.£drv W, which is very small. The pewer Pcom of 

0.15EM-0.45H is obtained at driving with voltage of ±5V havrng 
a frequency of 60Hz. Although power consumption due to leak 
resistance of liquid crystal or leak current in the memory 
circuits or the driving circuits is added to the above value in 
20 reality, the power consumption as a whole is minimized to the 
order of lmW to some lOmw. 
[0058] 

Further, the structure in whioh pixel electrodes are 
organized into blocks by the predetermined number of pixel 
25 electrodes, and each of the blocks has pixel electrodes varying 
in dimension facilitates digital multi-level gray scale display 

. . , *,i ar inn ar.r.ordinalv, extremely 

.^.^^^ O ne--iji'o^-*^- -xaww — -- 

high-quality image display can be obtained avoiding the 
following problems which occur when such area modulation display 
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is tried by conventional methods. 
[0059] 

By conventional driving, parasitic capacitance contained in 
the switching elements such as TFT causes a level shift of pixel 
5 potential which adversely effects display performance to occur 
at the time of switching. The amount of this level shift is 
determined by a distribution ratio of switching noise charge of 
the parasitic capacitance to the pixel electrode capacitance. 
Because the amount of the level shift varies among pixel 
10 electrodes which have differing dimensions, it is difficult to 
render the level shift harmless even by adjusting potential of 
the opposed electrode. This difficulty made the area gray scale 
substantially impossible. 
[0060] 

15 The level shift due to the switching noise charge is 

destroyed at an early stage after the completion of switching 
through the leak resistance of liquid crystal according to the 
present embodiment, exerting no adverse effect on display 
performance. Therefore, the digital multi-level gray scale 

20 display can be obtained by area modulation. Further, because 

one pixel of liquid crystal has two display states of ON and OFF 
in this method, extremely high display quality having no display 
unevenness, no flicker, and a wide viewing angle can be obtained, 
even during halftone display. 

25 [0061] 

It should be noted that the present invention is not limited 
~to~t'he aDove-deac-rib&d embed iments r _ Although the display 
material layer is formed by liquid crystal in the above 
embodiments, it is not limited to that and may be formed by 
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other materials. For example, material such as EL may be used 
for plasma display panel or the like. Where liquid crystal is 
concerned, application thereof is not limited to reflection type 
and it may be used for transmission type. Also it is to be 
5 understood that various changes and modifications may be made 
without departing from the subject and the scope of the 
invention . 
[0062] 

[Advantage of the Invention] 

10 According to the present invention, by installing static 

type memory elements for controlling switching elements on a 
pixel-by-pixel basis, as has been described above, the necessity 
of periodically rewriting the scanning signal and the image 
signal is eliminated, with a result that the power consumed by 

15 the driver ICs is reduced. It is therefore possible to minimize 
conventional type of power supply units and to extend operating 
hours of battery type power supply units. 
[0063] 

Further, according to the present invention, by installing 
20 memory elements for controlling switching elements on a pixel- 
by-pixel basis in a method where the pixels are organized into 
blocks by the predetermine number of pixels for gray scale 
display, it becomes possible to suppress the level shift due to 
switching noise charge, reduce the power consumption in the 
25 driver ICs, and obtain digital gray scale display using area 
modulation . 

[Brief" Description- -of - l-he- Dra-w-ir.g-s-] 

[Figure 1] 

Cross-sectional view of element structure and circuit 
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diagram showing basic structure of an active matrix type liquid 
crystal display device according to a first embodiment. 
[Figure 2] 

Circuit diagram showing the structure of one pixel portion 
of the first embodiment. 
[Figure 3] 

Circuit diagram showing a modification example of the first 
embodiment . 

[Figure 4] 

Circuit diagram showing another modification example of the 
first embodiment. 
[Figure 5] 

Drawing showing an example of a driving signal according to 
the first embodiment. 
[Figure 6] 

Drawing showing another example of the driving signal 
according to the first embodiment. 
[Figure 7] 

Circuit diagram showing the structure of one pixel portion 
in an active matrix type liquid crystal display device according 
to a second embodiment. 

[Figure 8] 

Drawing showing an example of a driving signal according to 
the second embodiment. 
[Figure 9] 

Schematic diagram showing one block of a circuit in an 
active matrix type "liquid- ciystal display device according to a 
fifth embodiment. 

[Figure 10] 



rawing showing sizes and a layout example of pixels in one 

block. 

[Figure 11] 

Circuit diagram showing an active matrix type liquid crystal 
display device in prior art. 

[Designation of Numerals] 

1 first substrate 

2 pixel electrode 

3 scanning line 

4 signal line 

5 reference line 

6 memory element 

7 switching element 

8 opposed electrode 

9 second glass substrate 

10 

21 switching element 

22, 23 inverter element 
24 switching element 
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